Study Objectives: To examine the association between self-reported sleep duration (SD) and peer/individual factors predictive of risky behaviors (risk behavior factors) in a large socioeconomically diverse school-based sample of early adolescents. Design, Setting, and Participants: Survey data collected from 10 718 and 11 240 eighth-grade students in 2010 and 2012, respectively, were analyzed. Intervention: N/A Measurements and Results: Self-reported school night SD was grouped as ≤4 hours, 5 hours, 6 hours, 7 hours, 8 hours, 9 hours, and ≥10 hours. Scores on 10 peer/individual risk behavior factor scales were dichotomized according to national eigth-grade cut points. The percentage of students reporting an "optimal" SD of 9 hours was 14.8% and 15.6% in 2010 and 2012, respectively; 45.6% and 46.1% reported <7 hours. Adjusted for covariates of gender, race, and SES, multilevel logistic regression results showed that odds ratios (ORs) for 9 of 10 risk factor scales increased with SD <7 hours, with a dose-response effect for each hour less sleep compared to an SD of 9 hours. For example, ORs for students sleeping <7 hours ranged from 1.3 (early initiation of antisocial behavior) to 1.8 (early initiation of drug use). The risk factor scale ORs for <5 hours SD ranged from 3.0 (sensation seeking) to 6.4 (gang involvement). Conclusions: Middle school students are at high risk of insufficient sleep; in particular, an SD <7 hours is associated with increased risk behavior factors.
INTRODUCTION
Chronic sleep loss among adolescents in the United States exists in epidemic proportions and is considered as public health crisis by leading advocates for children's health such as the American Medical Association, the Centers for Disease Control and Prevention, and the American Academy of Pediatrics. [1] [2] [3] While recommendations for optimal sleep duration in adolescents are in the range of 8-10 hours, 4 the vast majority of adolescents (up to 95% of 12th graders) 5 do not come close to obtaining this amount of sleep on typical school nights. 6 Of particular concern are the effects of insufficient sleep in adolescents on physical (eg, increased risk of obesity [7] [8] [9] [10] [11] and type 2 diabetes 12, 13 ) and mental health (eg, increased rates of depression [14] [15] [16] and suicidal ideation), 17, 18 safety (eg, increased risk of drowsy driving accidents [19] [20] [21] [22] and sports-related injuries), 23 and performance measures (eg, lower grades [24] [25] [26] and standardized test scores). 27 Multiple health risk behaviors have also been linked to chronic sleep loss in adolescents, including alcohol consumption, substance abuse, and serious behavior problems such as violence and delinquency. [28] [29] [30] [31] For example, studies have shown that adolescents who obtain the least amount of sleep on school nights report the highest prevalence of alcohol use 32 and that sleep duration is a significant negative predictor for alcoholrelated problems such as binge drinking, drunken driving, and engaging in activities while drinking that one later regretted. 29 In a study of a large sample of high school students, for each hour of sleep lost, the odds of participation in risky behaviors such as tobacco, alcohol, and marijuana use increased by 23%. 17 While a number of studies have documented an association between sleep duration and adolescent risk-taking behaviors, the mechanisms through which these occur remain poorly understood. One potential pathway involves the prefrontal cortex (PFC) and its associated neurocognitive and neurobehavioral processes, which are collectively termed "executive functions." These include higher level cognitive functions such as decision-making, problem-solving, planning, time management, multitasking, self-monitoring, selective attention, impulse control, and affect regulation. Numerous experimental studies over more than 30 years have documented the effects of short-term sleep restriction and deprivation on executive functions in adults. [33] [34] [35] [36] [37] More recently, studies in young children, 38, 39 school-age children, 40, 41 and adolescents [42] [43] [44] have shown similar findings of impairments in executive functions under conditions of experimental sleep manipulation (restriction and extension) as well as with "naturalistic" levels of chronic sleep loss and have also documented the impact on related complex tasks such as classroom performance 43 and simulated driving. 44 Specific executive function deficits that could impact risk-taking behaviors such as substance abuse 45 and peer-related risky behaviors 46 include impaired impulse control, poor affect regulation, and attention problems. 47, 48 Moreover, it is important to recognize that the prefrontal cortex is undergoing profound developmental
Statement of Significance
This study add to the growing body of literature demonstrating that insufficient sleep is extremely common in young adolescents (almost half of 8th grade students in the sample reporting < 7 hours on school nights) and that it is potentially associated with adverse health outcomes, ie, attitudes and beliefs that place adolescents at risk for unhealthy and unsafe behaviors such as substance and alcohol use. Strategies targeted towards reducing deficient sleep (defined as chronic sleep loss and circadian misalignment) in this highly vulnerable population may include sleep health educational interventions and implementation of later school start times. Future research should focus on potential explanatory mechanisms for the observed relationship between short sleep and health risk behaviors.
changes during adolescence 49, 50 ; thus, the imposition of acute and chronic sleep loss during this critical vulnerable developmental window may have a selective impact on the likelihood of engaging in health risk behaviors.
The limbic system, in particular the amygdala or so-called "emotional brain", is also critical to emotional regulation and is undergoing important developmental changes, especially in early adolescence. For example, neuroimaging studies suggest that both anxiety disorders and depression in adolescents are characterized by "dysfunctional connectivity" in both the PFCand the amygdala-based circuits as well as hypoconnectivity between these two brain regions. 51, 52 Recent studies have also begun to explore how sleep loss impacts emotional functioning in adults, including emotional reactivity and the ability to regulate both positive and negative emotions and to accurately assess emotional reactions in others. [53] [54] [55] [56] It has been postulated that the relationship between emotional centers of the brain is in part dependent on the homeostatic sleep system such that connectivity between these brain networks and, in turn, emotional regulation is higher in the rested state compared to conditions of exposure to sleep loss. Given the proposed relationship between anatomical brain changes (increases in white matter and decreases in gray matter volumes) and electroencephalogram changes in adolescence, 57 the relationship between sleep and sleep architecture becomes particularly salient. 58 Moreover, in addition to homeostatic sleep regulation, disruption of the circadian system and selective deprivation of rapid eye movement (REM) sleep, two conditions particularly relevant to adolescents for whom early school start times are in large part responsible for chronic sleep loss, may further compound emotional dysregulation. 59, 60 An emerging literature in both children 61 and adolescents 62 suggest that similar sleep-related mechanisms may be responsible for deficits in emotional processing in these groups and may, in turn, lead to poor decision-making about risk taking, particularly in the face of emotional dysregulation. 63, 64 Finally, another key area of the brain, that is, the striatum (caudate, putamen and nucleus accumbens) which is part of the basal ganglia, is important for motivation and reward-related function and thus risk-taking behavior and sensation seeking. Similar to other developmentally based alterations, the striatum is undergoing structural/functional changes in adolescence. 60 The study of reward systems during adolescence is particularly relevant because of the complex relationship between risk perception, self-assessment of the cost-benefit ratio of risky behaviors, reward salience, and decision-making because ultimately risk behaviors such as using drugs, driving while impaired, or self-harm behavior 63 are dependent upon those decisions. A number of studies, 32, [65] [66] [67] [68] [69] including those in adolescents, 70 suggest insufficient sleep is linked to changes in reward-related decision-making; it is hypothesized that deficient sleep is related to decreased activation of the caudate nucleus during reward anticipation and reward outcome, presumably resulting in compensatory increases in the reward-driven risk behavior. 64 In other words, adolescents tend to perceive less negative consequences and greater rewards for risky behavior under conditions of chronically deficient sleep and thus are willing to take greater risks. This may be further exacerbated by the phenomenon of "weekend oversleep" so common to teens who are exposed to chronic sleep loss during the week and who attempt to compensate by shifting bed and wake times later and extending sleep on weekends, resulting in further circadian disruption. 64, 70, 71 In addition to the impact of sleep loss in the context of these important developmental changes in brain function, the social context of sleep behaviors in adolescents should also be considered. 72 These include the role of parental monitoring 72, 73 and social ties 74 on both health risk behaviors and sleep practices. In particular, the influence of peer attitudes and behaviors on the adolescent's willingness to engage in unhealthy behaviors may have an important bidirectional impact on sleep practices that contribute to chronic sleep loss. 75 The aim of this study was to explore the relationship between self-reported nocturnal sleep duration on school days and specific factors known to be associated with risk behaviors in early adolescence such as substance use and delinquency in a large sample of middle school students. These factors were chosen both because they have been linked to neurobehavioral mechanisms impacted by sleep and because they have been shown to have a high prevalence in community samples of adolescents. We hypothesized that there would be an inverse doseresponse relationship between sleep and these risk behavior factors, including those potentially related to deficits in executive functions (eg, rebelliousness, sensation seeking, and attitudes favorable to antisocial behavior and drug use), risk-taking behavior (eg, early initiation of drug use and antisocial behavior, perceived risk of drug use), and peer influences (eg, peer drug use and antisocial behavior) in early adolescence with an increase in the odds of having these risk factors with each hour less of sleep.
METHODS

Participants
Data used in this study came from publically available archival data collected as anonymous responses from the 2010 and 2012 administrations of the Fairfax County Youth Survey (FCYS). The FCYS is a comprehensive self-reported health and well-being assessment voluntarily given to all consenting 8th, 10th, and 12th graders in every public middle, secondary, and high school throughout Fairfax County, VA, every fall. The Fairfax County Public School system is the 11th largest school district in the United States and the largest in Virginia (a total of 181 536 students enrolled in the 2012-2013 school-year). 76, 77 Middle school students are enrolled in 1 of 27 middle (7th and 8th grades) or 3 secondary (7th through 12th grade) schools.
Instruments
The Fairfax County Youth Survey
The FCYS explores the prevalence of a variety of risk and protective factors among the community's youth in an effort to identify key areas of strength and weakness in adolescent health and has been administered since 2001 and annually since 2008. The version of the FCYS survey instrument described in this study, The Risk and Protective Factors of 8th, 10th, and 12th Grade Students, has been administered during alternating 79 The FCYS includes the same questions over multiple years to ensure comparability and to meet standards of reliability and validity. 80 Ten subscales derived from the Communities That Care (CTC) Youth Survey, which measures risk and protective factors found to predict problem behaviors in adolescents, were included in the 2010 and 2012 FCYS. The CTC Youth Survey has been administered at the state, county, and local level since 1995 and is consistently reliable and valid across grade, gender, and race. The sections are designed to assess community, school, family, and peer/individual risk factors. Variables for the 10 peer/individual risk factor areas assessed include rebelliousness (Prreb), early initiation of drug use (Preid), early initiation of antisocial behavior (Preip), attitudes favorable to antisocial behavior (Prata), attitudes favorable to drug use (Prfad), perceived risk of drug use (Prprd), peers' antisocial behavior (Priap), peers' drug use (Prfud), sensation seeking (Prsns), and gang involvement (Prgan). There three to six questions within each subscale. Student subscale scores were dichotomized according to national cut points established for eighth grade 81 to identify students who may be at increased risk of adolescent problem behaviors such as drug use and delinquency (coded as 1=above the cut points, and 0=under the cut points). 81 Using these cut points, sample populations can be described in terms of the proportions of youths experiencing risk on each predictor. Cut points with sufficient sensitivity and selectivity have been established for each of the subscales, enabling risk factors to be profiled as prevalence rates. 
Demographic Factors
Demographic factors were included in our assessment to control for covariates of gender, race, ethnicity, and socioeconomic status (SES). Gender was represented by a single question, which asked "Are you:" with response options "Male" or "Female," and coded as 1=female and 2=male. Ethnicity was considered on the question "What do you consider yourself to be" with respondents instructed to choose either "Hispanic or Latino" and "not Hispanic nor Latino." The survey item about race enquired "What do you consider yourself to be?" and allowed multiple responses among the answer choices of "American Indian or Alaskan native," "Asian," "Black or African American," "Native Hawaiian or other Pacific Islander," and "White"; however, for deidentification purposes, the race and ethnicity data were coded by FCPS as 1=White and 2=non-White. A proxy measure of SES was determined based on quartile percentage of students receiving free lunches at each school and was divided into 1="high SES" (bottom 25th percentile), 2= "medium SES" (25-75 percentile) and 3= "low SES" (top 25th percentile). This SES measure was only available at the school and not at the student level.
Sleep Duration
The primary independent variable was self-reported hours of sleep on school nights. Sleep duration was at the student level and came from a single survey item "On an average school night, how many hours of sleep do you get?" Response categories included "4 hours or less," "5 hours," "6 hours," "7 hours," "8 hours," "9 hours," or "10 hours or more," coded as "1" to "7" for analysis.
Procedures
The 2010 and 2012 FCYS were administered using a census approach to all consenting 8th-, 10th-, and 12th-grade students in Fairfax County public schools present in their homeroom class period on the day of survey administration in the fall of 2010 and 2012, respectively. Prior to survey administration, parents and guardians received a letter offering the opportunity to review the survey instrument and "opt out" of having their child complete the survey (less than 1% of families opted out of participation). Any students whose parents did not provide consent participated in an alternate activity during the survey period. Both parents and students were informed that participation was completely voluntary, that students could choose to skip any question, and that all information provided would remain anonymous and confidential. Participating students completed the survey in a paper and pencil format in the fall of 2010 and 2012, and no identifying information was documented on the survey. The current analyses included only deidentified data and were approved by the Children's National Medical Center Review Board and Fairfax County Research Committee.
Statistical Analysis
Data from 2010 and 2012 are presented separately because they represent independent samples. 82 Descriptive statistics were employed to characterize demographic factors, sleep duration, and risk behavior factors. Multilevel logistic regression models were employed to examine the associations between sleep duration and risk factors adjusting for covariates of gender, race, and SES. In the regression models, sleep duration was used as the independent variable at the student level, each of the 10 risk behavior factors were treated as binary dependent variables at the individual level, gender and ethnicity were considered covariates at student level, and SES was also treated as a covariate at the school level. Odds ratios (OR) with 95% confidence interval (CI) were reported with the reference set as sleep duration of 9 hours, as the recommended "optimal" sleep duration for adolescents. 4 Since there were 20 hypotheses and the 10 risk behaviors were correlated, the statistical significance was set at p <.05/20 = 0.0025 with Bonferroni correction. SPSS 20.0 and Stata 13.0 were used for data management and statistical analyses. The most predominant risk behavioral factor in the sample was attitudes favorable to antisocial behavior, with 38.3% and 30.7% of students in 2010 and 2012, respectively, scoring above the cut point in this category, while gang involvement showed the lowest prevalence with 3.3% in 2010 and 2.7% in 2012. Figure 1 shows the prevalence of risk behavior factors stratified by sleep duration (also see Table 1 in the supplement). The results show a dose-response effect between sleep duration and most risk behavior factors in both survey years. That is, as sleep duration increased from ≤4 hours to the optimal amount of 9 hours, the prevalence of risk behavior factors decreased accordingly for each hour closer to optimal sleep students obtained. For example, the analyses of rebelliousness in 2010 sample demonstrates a clear dose-response effect, in which increasing sleep duration from ≤4 hours to 9 hours was associated with a decreased prevalence of rebelliousness from 56.2% to 19.7%. However, the dose-response effect did not extend to students who slept ≥10 hours. For example, in the 2010 sample, 23.3% of students who reported sleeping ≥10 hours were above the cutoff for rebelliousness compared to those reporting a sleep duration of 9 hours (19.7%).
RESULTS
Characteristics of the Sample
Prevalence of Risk Behavior Factors Stratified by Sleep Duration
Association Between Sleep Duration and Risk Behavior Factors
The results from multilevel logistic modeling analyses of the association between sleep duration and risk behavior factors adjusted for covariates are shown in Table 2 , which supported the observed dose-response effect of sleep duration on almost all risk behavior factors in both survey years. For example, as shown in Table 2 , compared to sleep duration of 9 hours (OR: 1.00) as reference, ORs for rebelliousness in 2010 decreased with each hour of increased sleep duration from <4 hours (OR . The results demonstrated that compared to optimal sleep duration of 9 hours, each hour of sleep less than optimal increased the prevalence of risk behavior factors accordingly, and similarly, sleep duration of ≥10 hours correlated with an increased occurrence of most risk behavior factors, although the increment did not reach statistical significance (p values > .0025). Table 3 summarizes the ORs of covariates associated with risk behavior factors, showing that male gender, non-White race, and low SES were predominantly associated with risk behavior factors.
DISCUSSION
The results of this study reinforce those of previous studies, 21, [83] [84] [85] which have found that many middle school students report school night levels of sleep that fall far short of the recommended 8-10 hours of sleep for this age-group. 4 In this sample, almost half of eighth-grade students reported 7 hours or less sleep per night and almost one in five reported sleeping 6 hours or less; only 19% of the respondents reported getting 9 hours of sleep. These percentages may be compared to data from the 2006 National Sleep Foundation (NSF) Sleep in America poll in which 27% of eighth-grade students reported getting less than 8 hours and 30% reported getting an "optimal" (defined as 9 or more hours). While ours was a regional sample in contrast to the NSF poll national sample which was conducted 10 years ago, the prospect that the number of young adolescents experiencing chronic sleep loss may be continuing to rise is concerning. Although the question of whether sleep amounts in children in general have declined over the years is a somewhat controversial one, 86 studies have reported decreases in average sleep amounts in mixed samples (ie, worldwide) of children over an extended period of time (ie, the past century), 87 in regional samples of adolescents, 88 and more recently, in a nationally representative large (n = 272,077) sample of adolescents in the United States from 1991 to 2012 representing birth cohorts from 1973 to 2000. 89 While the extent of sleep loss is overall somewhat less compared to their high school peers, 21, 84, [90] [91] [92] the percentages remain alarmingly high, particularly in light of studies focusing on or including young adolescents linking insufficient sleep with a host of diverse adverse outcomes, including depressive symptoms and lower levels of self-esteem, 93 anxiety, 82 suicidal ideation, 82, 93 increased risk of obesity 94 and hypercholesterolemia, 95 accidental injury risk, 96 school performance, 27 and functional outcomes, 97, 98 such as inattention, behavioral dysregulation, and poor impulse control. 32 Of particular relevance to this study is a recent publication that examined sleep duration and health risk behaviors (mental health outcomes, and substance use) using the FCYS in Fairfax County students, including over 10 000 eighth graders, in 2009. 17 Although the sample was obviously not identical to ours and there were some methodological differences in the approach to data analysis between the studies (eg, 8th-, 10th-and 12th-grade samples in the Winsler study were combined in order to assess the relationship between Figure 1 -Prevalence of risk behavior factors with different sleep durations. As sleep duration increased from ≤4 hours to the optimal amount of 9 hours, the prevalence of risk behavior factors decreased accordingly for each hour closer to optimal sleep students obtained. However, the dose-response effect did not extend to students who slept ≥10 hours. Prreb, Rebelliousness; Preid, Early initiation of drug use; Preip, Early initiation of antisocial behavior; Prata, Attitudes favorable to antisocial behavior; Prfad, Attitudes favorable to drug use; Prprd, Perceived risk of drug use; Priap, Peers' antisocial behavior; Prfud, Peers' drug use; Prsns, Sensation seeking; Prgan, Gang involvement.
sleep duration and health outcomes), reported sleep amounts in the eighth-grade students were very similar to our sample (ie, 18.2% reported 6 hours or less of sleep, 44.2% reported 7 hours or less, and only 18.1% reported 9 or more hours). Thus, it is a reasonable assumption that the relationships found between sleep duration and health risk behaviors in that study may be applicable to our sample. In particular, in the Winsler study, for each hour less of sleep received, adverse mental health outcomes (hopelessness, suicidal ideation and attempted suicide) increased significantly. Moreover, substance use, both for tobacco, alcohol, and marijuana and for illicit/prescription substances, consistently increased as students reported getting less sleep.
Similar to the 2009 Fairfax study of risk behaviors, our study demonstrated a clear inverse and dose-response effect between sleep duration and risk behavior factors linked to the types of health risk behaviors described earlier. Not unexpectedly, given the similarities in sleep amounts, the 2010 and 2012 samples were also very similar in regard to these findings, providing some degree of replication.
Overall, the findings were quite robust and supported our hypotheses; almost all ORs for sleep duration categories of 7 hours or less attained statistical significance at the p < .0025 level using 9 hours of sleep as a reference value. With one exception, attitudes favorable to antisocial behavior, however, the ORs for 8 hours did not significantly differ compared to 9 hours (p > .0025), suggesting that the outcome measures examined were not sensitive to a 1-hour difference from "optimal" in reported sleep duration (given these data are categorical, it is not possible to make any judgment about the impact of sleep time between 7 and 8 hours). There are now a number of studies assessing health outcomes related to adolescent sleep duration which have suggested that 7 hours of sleep may be the "tipping point" below which, negative outcomes are more likely to occur. 4, 89, 99 A recent review of the literature by the National Significance level after Bonferroni correction: a p < .0025. OR was 1 for 9 hours as reference. For the multilevel logistic regression model, school-level variable was socioeconomic status (SES), and student-level variables were sleep duration and the covariates of gender and race. Dependent variables at student level were Prreb, Rebelliousness; Preid, Early initiation of drug use; Preip, early initiation of antisocial behavior; Prata, Attitudes favorable to antisocial behavior; Prfad, Attitudes favorable to drug use; Prprd, Perceived risk of drug use; Priap, Peers' antisocial behavior; Prfud, Peers' drug use; Prsns, Sensation seeking; and Prgan, Gang involvement.
Sleep Foundation on sleep duration that included school-aged children (6-13 years old) and adolescents (14-17 years old) in fact led them to recommend 7-8 hours and 7 hours of sleep for these two age-groups, respectively, as "may be appropriate." 4 However, their data were based on reported sleep time across multiple studies and not on outcomes, and any implication that adverse health and behavior consequences only occur with sleep durations of less than 7 hours is likely premature and should be viewed with caution.
Another interesting finding, which also mirrors what was reported in the Winsler study, was that greater than "optimal" sleep amounts (≥10 hours) was associated with increased behavioral risk factors. While the percentage of students reporting this amount of sleep was relatively small (4.2% and 3.9% in 2010 and 2012, respectively), this result reflects the adult studies that long sleep duration may be a marker of poor behavioral and health outcomes. 4, 100 In addition, the observed inverse relationship between sleep duration and risk behaviors varies by sleep duration and type of risk behaviors. For example, in the 2010 sample, ORs with sleep duration of 7 hours compared to 9 hours for some factors were close to twice the odds of scoring above the cutoff values, that is, attitudes favorable to antisocial behavior (OR = 1.90), early initiation of drug use (OR = 1.89), rebelliousness (OR = 1.79), and attitudes favorable to drug use (OR = 1.74). A similar pattern was observed for the 2012 sample albeit with somewhat lower ORs (1.47-1.74). Gang involvement was the only health risk factor that was not increased at 7, 6, and 5 hours of sleep in the 2010 sample. Interestingly, shorter sleep duration was associated with increased ORs of sensation seeking but not to the anticipated level commensurate with rebelliousness. However, these are two different constructs that likely have different pathways leading to different categories of risk behaviors (eg, sensation seeking could be linked more to substance abuse and rebelliousness to injury and gang behavior). The peer drug use and antisocial behavior subscales were also associated with lower levels of sleep duration. As discussed earlier, this latter phenomenon may be related to the social context in which sleep behaviors are embedded, perhaps particularly strongly in adolescents. 74 This could also partially be attributable to a "negative halo effect" in that insufficient sleep may not only result in poor decision-making and impulsivity which in turn leads to health risk behaviors but is also more likely to cluster with other risky behaviors This latter phenomenon has been identified in a variety of adolescent populations. 101 There are a number of limitations in our study which should be noted. First, the cross-sectional design does not allow us to assign "directionality" to the results, that is, some risk behavior factors (eg, early initiation of drug use, sensation-seeking, peer behavior) may actually contribute to sleep loss. Second, the sleep variables and risk behavior factors were based on self-report data; however, this type of measurement would not have been feasible in a sample of this size. Third, while most of the CTC Youth Survey subscales had acceptable Cronbach's αs (>0.6), the early initiation of antisocial behavior subscale's Cronbach α was low, limiting its significance as a finding. However, we elected to include these results both because this subscale addresses an important domain of risk behavior and is considered to have high face validity and because previous studies have included all 10 subscales. Moreover, there was only a single sleep question on the survey which asked about "average" sleep duration on school nights; thus, these data did not incorporate weekday-weekend sleep discrepancies, which have been shown to be an important predictor of functional impairment nor did it include daytime sleep (naps). The generalizability of the results from a single (albeit large and socioculturally diverse) sample may not be generalizable to other middle school populations. Finally, small numbers of students reported some of the health risk factors such as gang involvement engage in some behaviors (ie, early initiation of drug use 7.3%-9.0%; gang involvement 2.7%-3.3%).
In summary, the results of this study add to the growing literature that links short sleep duration in adolescents with increased health risk behaviors. This study demonstrates direct links between differing sleep durations and attitudes and beliefs that have been shown to be antecedents of risky behaviors. It is likely that there are important links between the impact of insufficient sleep and brain mechanisms that bridge the link between cognitive deficits impaired self-regulation and "real-world" negative outcomes. This study is one of the first to extend findings of risk behaviors to young adolescents who may be in a window of increased vulnerability given the rapid brain development that occurs during this period of life. Future research should focus on hypothesized mechanisms that mediate the association between chronic sleep debt in the adolescent population, which has assumed epic proportions, and significant health outcomes related to risk taking that have important public health implications such as substance and alcohol use. These mechanisms might include specific deficits in executive functions (eg, planning, decision-making, and judgment) that may be particularly sensitive to the effects of chronic sleep loss or involve the influence of other sleep-related factors such as chronotype (eg, "eveningness") on both sleep duration and risk-taking behaviors. 102 
